Field trials comparing composted with fresh dairy is a relatively new swine finishing system in which manure can be applied to fields fresh or after composting. We conducted field-plot manures have shown similar corn yield (Brinton, 1985; trials near Boone, IA, during two growing seasons to determine the Ma et al., 1999) despite faster seedling growth rates in effects of fresh and composted swine hoop manures on corn (Zea response to fresh manure (Brinton, 1985). Composted by increases in nutrient supply (reviewed by Chen and fresh-manure application for corn production. Aviad, 1990). Because of these potentially contradictory effects, the impacts of fresh and composted manures on crop performance cannot yet be predicted with con-
at the same total N rate (Cooperband et al., 2002) . The 
net assimilation rate (NAR). Harvest index and leaf area ratio (LAR)
were unaffected by manure treatments. Composting swine hoop matracts can increase plant growth beyond levels explainable nure before field application appears to be an effective alternative to by increases in nutrient supply (reviewed by Chen and fresh-manure application for corn production. Aviad, 1990) . Because of these potentially contradictory effects, the impacts of fresh and composted manures on crop performance cannot yet be predicted with con-A pplication of animal manures to agricultural fields fidence. is a widely used method of increasing soil organic Swine production in hoop structures is a relatively new matter and fertility (Khaleel et al., 1981) . Most solid husbandry system in which deep-bedded manure can be livestock manures can be applied directly to crop fields either spread directly or composted before use (Honor piled for composting. Composting manure can reduce eyman et al., 2001) . A comparison of composted and fresh field application costs by increasing bulk density and swine hoop manures on crop performance is relevant to reducing volume. Composting can also increase applicathe development of best management practices for utition uniformity due to a reduction in particle size, and lizing manure. Quantitative growth analysis can be used decrease amounts of viable weed seeds (Wiese et al., to make such comparisons and may provide important 1998) and phytotoxic substances (Tiquia and Tam, 1998) insights into the dynamics of crop ϫ climate ϫ soil intercontained in manure or manure and bedding mixtures.
actions that will ultimately affect yield (Evans, 1972 ; However, with composting, there are potentially greater Hunt, 1982) . The objective of this study was to use a production and environmental costs associated with exquantitative growth analysis approach to examine corn tra handling and possible losses of nutrients. Nitrogen responses to spring-applied composted and fresh hoop losses during composting of animal manures have manures under field conditions. ranged from 200 to 700 g kg Ϫ1 of total N (Martins and Percentage radicle length inhibition (RI%) was calculated as: would be plant-available in the first year after application RI% ϭ Ϫ1(RL water Ϫ RL manure )/RL water ϫ 100, (Eghball and Power, 1999) . A rear-discharge manure spreader was calibrated by adjusting tractor and spreader-gear speeds where RL water is the mean radicle length from a distilled water to apply the desired mass of each manure to a tarp of known control treatment, and RL manure is the mean radicle length from area. The manures were incorporated with a disk into the the aqueous manure extract. Results are reported such that surface 15 cm of soil within 6 h of application. In 2000, two a negative RI% indicates inhibition and a positive RI% indipasses with a cultipacker were also necessary for adequate cates stimulation as compared with seeds treated with the seedbed preparation. The manures were obtained from the distilled water control. A corn hybrid (Pioneer 35P12, Pioneer Hi-Bred InternaAll measurements in the field experiments were taken from tional Inc., Johnston, IA) was planted at 140 000 seeds ha Ϫ1 the center three rows of each plot. At Plant Growth Stage V1, on 5 May 2000 and 9 May 2001, and then thinned to an evenly each plot was divided into subplots for determination of spaced population of 71 000 plants ha Ϫ1 at Plant Growth Stage aboveground DM production and grain yield. Thirty-nine ran-V1 (Hanway, 1963) . Weed control was achieved with a predomly selected subplots, each containing four equally spaced plant-incorporated application of metolachlor [2-chloroplants, were established for DM harvest within each plot. For N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl) acetgrain harvest, one three-row-by-9.1-m and two three-rowamide] at 1.5 kg a.i. ha Ϫ1 , interrow cultivation at Plant Growth by-11.0-m grain yield harvest subplots were randomly located Stage V6, and hand weeding.
MATERIALS AND METHODS
within each plot in 2000 and 2001, respectively. Three DM Manure characteristics were determined for 4-L composite subplots per plot were harvested every 7 to 16 d from Growth samples collected from twenty 0.18-m 2 plastic trays placed Stages V1 to R6 for a total of 13 harvest dates in 2000 and inside the spreader path in each plot at the time of application. 11 in 2001. Plants were separated into two components in the Manure samples were stored at Ϫ20ЊC in plastic freezer bags, field: leaf (blade only) and nonleaf (stalk, leaf sheath, and then thawed, homogenized, separated for various analyses reproductive parts). Leaf area was determined using a bench-(total C, N, P, K, NH ϩ 4 -N, NO Ϫ 3 -N, moisture and ash concentop leaf area meter (LI-3100 Area Meter, LI-COR, Inc., Lintration, pH, electrical conductivity, and phytotoxicity biocoln, NE) within 3 h of harvest. Both leaf and nonleaf compoassay), and then refrozen until individual parameters were nents were then dried at 60ЊC in paper bags for a minimum analyzed. Manure total C and N were determined after acidifiof 4 d and weighed. Starting at Plant Growth Stage R1, the cation with 0.5M HCl (1:2 sample:solution ration), air drying, wet weight of the complete nonleaf component was deterand grinding, by dry combustion in a Carlo-Erba NA1500 mined, but only a representative sample (approximately equal NCS elemental analyzer (Haake Buchler Instruments, Paterto two plants in mass and composition) was dried and used son, NJ) as described by Cambardella et al. (2003) . Total P in subsequent analyses. and K were determined on dried ground samples by USEPA Corn in grain yield subplots was harvested with a combine Method 3051 at a commercial laboratory (Midwest Laboraequipped with a weigh tank and an on-board moisture meter. tory, Inc., Omaha, NE). Ammonium-N and nitrate-N were For ease of comparison, both grain yields and DM are reported determined by 2 M KCl extracts (1:80 manure:solution ratio) on a 0 g kg Ϫ1 moisture concentration basis. and Lachat flow-analysis (Lachat Instruments, Milwaukee, All dried plant tissues (leaf, nonleaf, and grain) were ground WI) (Keeney and Nelson, 1982) . Manure moisture concentrato pass a 0.85-mm screen and sent to a commercial laboratory tion was determined by drying at 70ЊC for 48 h, ash concentra-(Harris Laboratory, Lincoln, NE) for total N analysis as detertion was determined by ignition at 550ЊC, and pH and electrical mined by Kjeldahl digestion procedures. Fifteen stalk samples conductivity were determined in a 1:5 manure:water slurry.
(20 cm in length) were collected 15 cm above the soil surface from each plot at grain harvest, then dried at 60ЊC for 4 d, ground to pass a 0.85-mm screen, and analyzed for NO Ϫ 3 -N Phytotoxicity Bioassay (Binford et al., 1992) . Phytotoxicity bioassays were conducted with a germination
The functional approach to growth analysis (Hunt, 1982 ) method modified from one given by Zucconi et al. (1981) .
was used to analyze aerial DM per plant (W ) and leaf area per Homogenized manure samples (70 g of dry-weight equivalent plant (A ) in a manner similar to methods used by Bullock et al. (1988) . Briefly, the approach involved using repeated thawed manures) and distilled water were combined to achieve observations of each plot to generate plot-specific curves of toxicity bioassays were separated by Fisher's least significant difference procedure. W vs. GDD and A vs. GDD, where GDD is growing degree days accumulated after planting. We defined GDD mathematically as:
RESULTS AND DISCUSSION
GDD ϭ [(T max ϩ T min )/2] Ϫ T B ,
Manure Characteristics
where T max is the daily maximum air temperature, T min is the The average C:N ratio was 12.8:1 for fresh and 11.8:1 daily minimum air temperature, and T B is equal to 10ЊC, the for composted manures (Table 1) . Materials with C:N physiological minimum base temperature for corn growth. ratios Ͻ 20:1 are generally thought not to immobilize Plot-specific DM and leaf area curves were then used to genersoil N following application and soil incorporation (Ma- ate predicted values at particular GDDs. Analyses of variance thur et al., 1993), although short-term immobilization were performed on predicted values. As noted by Vernon and Allison (1963) and Hunt (1982) , analysis of predicted variables has been observed with partially composted hoop ma- in 2000. This was probably because of colder-than-norAfter examination of several possible functions (Hunt, 1982) mal weather conditions during the composting period crop growth (Iannotti et al., 1994; Pare et al., 1997) .
was subjected to the same analysis as A and W using PROC However, these parameters may not provide complete REG in SAS. Predicted W, A, and leaf N concentration values information about compost phytotoxicity and maturity were calculated for each replicate plot at approximately the same GDD at which they were harvested. (Zucconi et al., 1981) . In the present study, each of the From these predicted plant growth parameters, equations manures used in the bioassays stimulated cress radicle provided by Hunt (1982) were used to examine plant growth growth compared with the distilled water control treatrates, growth efficiencies, and morphological patterns. In this ment, with the fresh manure applied in 2001 being the paper we examine CGR, which describes the rate of DM most stimulatory (Table 1 ). In contrast, fresh manure accumulation on a unit ground area basis; LAI, which deapplied in 2000 inhibited ryegrass radicle growth relative scribes leaf surface area on a unit ground area basis; NAR, to the distilled water control. These test-plant-species ϫ which is a measure of how efficiently the crop produces new manure-form interactions indicate that the bioassays DM with its leaf area; and LAR, which is a means of expressing were inconclusive in determining phytotoxic effects.
the proportion of the aboveground DM that is partitioned into leaf area. The following equations describe these variables: effects (Underwood, 1997) . Phytotoxicity bioassay data were ‡ A positive response denotes stimulation and a negative response signitested for treatment ϫ trial interactions by ANOVA, and fies inhibition relative to distilled water control. Within rows, means homogeneity of between-trial error variances was tested by Cochran's procedure (Underwood, 1997) . Means from the phyto-
Growth Responses
contrast to the finer particle size of composted manure that was completely incorporated into the soil with tillTreatment ϫ GDD ϫ year interaction terms were age. The phytotoxicity bioassay response of ryegrass significant for DM responses, so results are presented by displayed a trend similar to the growth of corn seedlings year. Corn in composted manure-treated soils produced in 2000 (Table 1 ). The ryegrass radicle growth was inhib-12% greater aboveground DM in 2000 and 15% greater ited by the fresh manure applied in 2000 as opposed to DM in 2001 than did corn in fresh-manure-treated soils the stimulatory effects of the composted manure applied (Fig. 1) . Dry matter production in plots receiving comin 2000. However, the cress radicle growth response to posted manure was higher throughout the entire 2000 these manures did not show a similar trend. In 2001, no season with the exception of the first harvest. In 2001, inhibitory effects of the applied manures were detected DM accumulation was higher for composted-manureon the corn seedlings grown in the field (Fig. 1) or the treated soils during the latter half of the growing season ryegrass or cress bioassays (Table 1) . Moist soil condi- (Fig. 1) . In 2000, early season CGR of fresh-manuretions in 2001 (Fig. 2) also aided in the breakup of freshtreated plots was slower than composted-manuremanure clods by preplant tillage. treated plots. The reason for this seedling vigor differ-
The time of 50% silk emergence occurred at 76 days ence in 2000 is unclear. The intentional thinning of the after planting (DAP) (or 760 GDD) in 2000 and 74 plant population to the desired density eliminated the DAP (or 780 GDD) in 2001 (Fig. 3) . In 2000, the timing possibility of treatment differences in seedling emerand magnitude of the maximum CGR (2.75 g m Ϫ2 gence. Although dry soil conditions were present in GDD Ϫ1 at 750 GDD) ( Fig. 1) and the leaf N concentraboth treatments at corn planting in 2000 (Fig. 2) , freshtions during flowering (Fig. 4) were similar for each manure clods remained on the soil surface despite pretreatment, suggesting that the treatments had no effect plant tillage. These fresh-manure clods may have had on the timing of plant transition from vegetative to rephysical or chemical effects on plant vigor. This was in productive stages. The LAI of compost-treated plots was greater than the fresh-manure-treated plots throughout the 2000 growing season (Fig. 5) . As a result of the parallel increase in DM production, the treatments were equally efficient at producing biomass from a given LAI; that is, NAR did not differ significantly between treatmanure-treated plants relative to the compost treatment in 2001 resembles effects commonly attributed to either ments in 2000 (Fig. 5) .
In 2001, composted manure produced a greater (2.0 vs. water (Westgate and Thomson Grant, 1989) or N (Uhart and Andrade, 1995) deficits. However, no treatment 1.8 g m Ϫ2 GDD Ϫ1 ) and slightly later (880 vs. 820 GDD) maximum CGR than did the fresh manure, leading to differences were detected in the surface 20 cm of soil at any time during 2001 in either soil moisture concengreater late-season biomass production (Fig. 1) . This greater late-season biomass production in the comtration (Fig. 2) , or in plant-available soil N (unpublished data). It is interesting to note that the period of treatposted manure treatment was maintained through a longer leaf area duration, as indicated by the treatment ment separation bracketing flowering in 2001 had the warmest (Fig. 3 ) and the driest (Fig. 2 ) conditions of differences in LAI at the last measurement date (Fig. 5) and the trend for leaf N concentration to be greater in the season. If plant water or N status contributed to this treatment separation in growth, then the compostthe composted treatment at that point in the season (700 to 950 GDD) (Fig. 4) . The composted manure treated plants were either more efficient at utilizing nutrients from the surface 20 cm of soil or the zone of treatment also had a greater NAR in the later part of the 2001 season (Fig. 5) . The observed senescence of leaf active water or N uptake differed between treatments. Leaf area ratio, the plant partitioning ratio of LAI to area and reduction in leaf N concentration in the fresh- fresh and composted manures. However, in the latter DM, was consistent between treatments in both years two studies, composted manure was applied at higher (data not shown), indicating that the form of manure total N rates than the noncomposted manures, and conapplied did not alter this morphological characteristic.
sequently lower N-use efficiency resulted from the use of composted manure relative to noncomposted ma- (Table 2) . In poultry litter resulted in lower corn biomass and grain both years, composted-manure applications resulted in yields than did raw poultry litter. Thus, our results are greater corn grain yields than did fresh manure. Also, unique in showing higher grain yields and greater N-use grain yield was higher in 2000 than in 2001, despite efficiencies from composted relative to fresh manures. greater total seasonal precipitation in 2001 (Fig. 2) . Note
We know of no other experiments comparing the effects that the time period bracketing flowering was cooler of fresh and composted swine manures on corn yield. than normal in 2000 and warmer than normal in 2001 Corn stalk samples (20-cm segment taken at 15 cm (Fig. 3) . Heat and moisture stress during flowering can up the stalk from the soil surface) taken at physiological have significant impacts on pollination and kernel develmaturity (Growth Stage R6) have been used to indicate opment (Westgate and Thomson Grant, 1989) . late-season soil N availability or plant stress (Binford Yield results in the present study are contrary to those et al., 1992) . In Iowa, Binford et al. (1992) set a stalk from the studies conducted by Brinton (1985) and Egh-NO Ϫ 3 -N concentration of Ͼ2000 g g Ϫ1 to indicate excessive soil NO 3 -N and Ͻ200 g g Ϫ1 as an indicator of ball and Power (1999), which showed similar yields with 
